Resumo o artigo traz uma rovisao critica dos mctodos mais importantcs ate entao desenvolvidos para testar a hip6tcse de dctcriora�ao dos tefmos de intcrcambio das mcrcadorias primarias. Mostrou-se que 0 dilema entre pader do teste e generalidadc das suposic;ocs po de ser importantc quando se testa esta hipotese. Utilizando-se algumas suposiC;6cs tradicionalmente aceitas como vcrdadciras c mctodos tanto no dominic temporal, como no frcqucncial, mostrou-sc que a hipotcse de nao-detcriorac;ao pode ser rcjcitada.
Much of the international concern regarding primary commodi ties is directed towards two problems, namely: the long-run deteriora tion of their terms of trade and the instability of their prices. When the long-run deterioration of the terms of trade (DTT) hypothesis was first proposed by Prebisch (1962) 1 and Singer (1950) , this trend was seen as an obstacle to the economic development of underde veloped economics, since they were mainly specialized in the export of primary commodities. It was argued that a fairer international economic order shonld reverse this trend.
Since the end of the Second World War, there has been remark able industrial growth in many developing countries. Nevertheless, this has not been enough to completely break up the old pattern of specialization in the world market. Developing countries are still more dependent on primary products exports whereas the largest share of exports of developed countries still consist of manufactured goods. While the exports of primary commodities represented only 19.3% of the total international merchandise trade of developed coun tries in 1987, it represented 49.7% of developing countries trade.2 In Latin America, Africa and West Asia this share reached 72. 7%, 84.5% and 80.4%, respectively, in 1987 . Furthermore, the industrial growth of developing countries has not been evenly distributed. Therefore, a large proportion of developing countries still relies heavily on exports of primary commodities. This means that the determination of the terms of trade of primary commodities is still a matter of concern for many developing countries.
An intense debate fo llowed the presentation of this hypothesis, directed along two lines. First, the empirical basis used by Prebisch was questioned and successive alternative tests were made. The sec ond line of debate was concerned with the validity of its theoretical background.3
In this paper, one more empirical test for the DTT hypothesis is presented. The test incorporates recent contributions in unit root econometrics which are able to avoid some distributional problems that have been faced by previous tests of this hypothesis. It allows for the existence of both a stochastic and a deterministic trend for the terms of trade indexes and is valid under a wide range of specifications of the error terms. The statistical particularities of the tests used justify one additional test for this hypothesis.
The tests used yearly data for three commodity price indexes and two unit value indexes for the manufacturing exports of developed countries (MUV). Two commodity price indexes, as well as one MUV, are from World Bank and extend from 1948 to 1989. These series 'Data are from UNCTAD Commodity Yearbook (1989, p.86) . 3See MacBean and Nguyen (1987) and Spraos (1980) and (1983) for presentations of this debate.
are among the most important commodity price indexes made at the moment, given the number of commodity involved. The main objections raised against these series is the short period they cover. Series constructed by Grilli and Yang (1988) , which are recognized in the literature to be the best available for a long period, are also used. They cover the period 1900-1986 and are a commodity price index and a MUV. No additional discussion on the features of these series are made in the paper, since they are recognized to be of good quality and their shortcomings and advantages are already well analized in the literature (Grilli and Yang, 1988 and Cuddington and Urzua, 1989) .
In Section 2 of the paper there is a statistical presentation of the hypothesis and a justification of the test used. Some critiques of alternative tests which appear in the literature are also included in this section. Especial attention is given to the results presented by Grilli and Yang (1988) , Cuddington and Urzua (1989) , and Diakosav vas and Scandizzo (1991), as they are the most important empirical tests developed lately. The tests presented appear in two separate sections. Section 3 brings the tests with the World Bank data, while section 4 presents tests with the Grilli and Yang series, which have raised more controversies. Section 5 concludes the paper.
Statistical method.
A formal presentation of the hypothesis of deterioration of the terms of trade could start with equation (1): (1)
In this equation, P, and P ' -l represent the terms of trade in period t and (t -1). The terms of trade are represented by the price index of primary commodities divided by the price index of manufactured exports. T is a time trend, and et is an error term with the characteristics specified below. ao, al and a2 are parameters. The constancy of these parameters is not a requirement of the DTT hypothesis, but it will be introduced here for the period of analysis.
It will be assumed that I a2 Is 1, which is a reasonable assumption, since the terms of trade time series are not explosive. 
From equation (1), three main statistical meanings for the dete rioration of the terms of trade emerge. They could be represented in the sets of restrictions given for the parameters in table 1. In repre sentation 1, a stochastic negative trend is nsed to represent the DTT hypothesis. Following Nelson and Plosser (1982) , Cuddington and Urzua (1989) named this case the difference stationary (DS) model.
In the second representation a deterministic trend is used. It is the trend stationary (TS) model, in the Cuddington and Urzua nomec1ature. The third representation is a combination of the other two. The first two representations give rise to different interpretations for the hypothesis. In the case of the presence of a stochastic negative trend, any change in the terms of trade would have a permanent effect on the terms of trade. No complete reversion of that change will follow, as a consequence of the stochastic nature of the process.
In the case of presence of a deterministic trend all random de viations from the trend will be reverted in the future. It is not clear from the initial presentation of the DTT hypothesis by Prebisch and Singer which of these cases was advocated.
The simplest way to test the hypothesis of DTT is to estimate equation (1) using the appropriate data and to test the hypothesis on the signs and values of the parameters, as specified in Table 1 . This has largely been the strategy used in the literature on the sub ject. Most commonly, the restriction that az = 0 is imposed and the test proceeds under the assumption that et is independent, iden tically distributed and has a standard normal distribution. Gilbert Ghosh and Hallett (1987, p.9-13) , and Spraos (1980) and (1982) are examples where this strategy was used to test the DTT hypothesis.
The two assumptions, however, are not necessarily true. Particu larly, if a2 # 0, the error term in the equation when a2 is forced to be zero will be autocorrelated. Therefore, the t-statistics for al are no longer distributed as a standard t-student distribution. Correction of the autocorrelation by the Cochrane-Orcutt algorithm, as made by Sapsford (1985) , imposes unnecessary restrictions on the model specification which could be responsible for the results obtained. 4 A more complicated case arises when az = 1. In this case, even if e, is normally distributed, hypothesis tests on the parameters will not have the standard distributions.5 Most probably, in a simple repre sentation such as (1), the error term e, will not be independent and identically distributed and its distribution will not converge asymp totically to a normal distribution.
It is also worth mentioning that the tests which conclude against the DTT hypothesis are devised to reject the null hypothesis that there is a negative trend. Therefore, unless they find a positive trend significantly different from zero, the tests may not disprove the alter native that there is no deterioration of the terms of trade. This is particularly important when additional generalizations, such as the inclusion of structural changes and weak assumptions on the distri bution of the error terms are used. They improve the robustness of the results, but at the expense of the power of the test.
2.1. The method of Grilli and Yang. Grilli and Yang (1988) estimate a semilog version of equation (1), where the natural logarithm of the terms of trade index is regressed against a time trend, and the assumption that az = 0 is used. The clear indication of autocorrelation of the error terms led them to adopt a maximum likelihood procedure to correct for first order au tocorrelation. The period used was 1900-1986 and the results sup ported the existence of DTT. Some tests for structural changes was made, but no indication of changing coefficients was found. Although they inquired about the possibility that there is a unit root in the series, the Dicken and Fuller's (1979) test which they applied gave evidence against this hypothesis.
The method of Cuddington and Urzua.
Cuddington and Urzua (1989) argue that the confirmation of the DTT hypothesis by Grilli and Yang (1988) was a consequence of the existence of a one-time downward jump in the series after 1920. Therefore, their method took into account this structural shift. They tested the DTT hypothesis in the two models, DE and TS separately, using the Grilli and Yang series for 1900-1983 and allowing for a struc tural change after 1920. In each of these cases, they selected a simple ARMA process for the error terms and presented their statistics for these specifications. In neither case was the null hypothesis of no DTT rej ected.
They applied a unit root test, developed by Perron (1988b) , which allows for a shift in the mean, to check which model (TS or DS) is more appropriate to represent the terms of trade series. Their test did not reject the null hypothesis that there is a unit root in the series. As the test is for the null hypothesis that there is a unit root, the no rejection of the null does not disprove the alternative, espe cialy in this case of reduced power to estimate the shift in the mean. A similar criticism also applies to the tests for the DTT hypothesis. The non-rejection of the null (no-long-run trend) does not disprove the alternative, especially when the test has reduced power.
The method of Diakosavvas and Scandizzo.
Diakosavvas and Scandizzo (1991) used a simple TS model, bnt allowed for a quadratic deterministic trend and autocorrelation of the errors up to five lags. The linear version of their model may be represented by equation (1) with the additional assumptions that
In this model, U t � iid(O, 0') and 1/;(L) is an autoregressive polynomial in the lag operator which makes XtL i = X t -i . [I -1/;(L)] has its roots lying outside the unit circle and 1/;(0) = 0). Diakosavvas and Scandizzo (1991) introduced the additional assumption that 1/;(L) is for order less or equal to five.
There are two main problems with their method: (1) They do not test for a unit root in the series. As the presence of one would lead to a non-standard distribution of their t-statistics, there is much un certainty about the results. (2) The restrictions on the lag structure of the polynomial1jJ(L) could be relaxed through a data driven selec tion and an autoregressive structure for P" which could be estimated from the data, should also be introduced.
They applied this method to test for the existence of trend in sev eral commodity price indexes. They worked with data for the period 1900-1982 and arrived at the conclusion that the DTT hypothesis may be confirmed for most of these indexes. The tests developed by Perron (1990) and Phillips and Perron (1988) , which are based on results obtained by Phillips (1987) , were used.6 These tests have the advantage that they allow for the exis tence of a unit root in p,(a 2 = 1) and many different specifications of the error term. More specifically, the following conditions on the error terms must hold for the convergence of the distribution of the calculated statistics to the tabulated distributions used: a) E( e,) = 0 for all t. b) sup, E I e, IHv< 00 for some b > 2 and v > 0.1 c) ,, 2 = lim,_oo T -1 E(Si) exists and ,,2 > 0 d) {e,} l' is strong mixing with mixing numbers am that satisfy
Condition (a) trivially states that e, should have a constant expected value equal to zero. Condition (b) imposes some restrictions on the heterogeneity of the errors and condition (d) shows a trade off be tween the permissible temporal dependence and the probability of presence of an outlier. Condition (c) controls the normalization at a rate which will ensure a nondegenerate limit distribution. These conditions imply that a wide variety of data generating mechanisms are allowed, including all ARMA processes.8 Of particular relevance to us is the fact that both autocorrelation and heteroskedasticity of the error terms are allowed to a large extent and that a large range of models for the dynamics of the terms of trade is covered (sec Park and Phillips 1988) .
The definitions of the statistics and the relevant tabulated crit ical values for the sample size used here are shown in Appendix II. In this section, the tests were used for two commodity price indexes, namely, the price index for 33 commodities (excluding energy) and the agricultural commodities price indexes calculated by the commod ity division of the World Bank.9 These price indexes were deflated by the unit value of manufactures exports on the G-5 countries (France, Germany, Japan, UK, and US) wighted proportionally to the coun tries' exports to the developing countries.IO All the data used were annual and extend from 1948 to 1989. Tables 2 and 3 show the value for each statistics used and the corresponding null hypothesis tested with them for the two terms of trade: for 33 commodities and for agricultural commodities. The statistics used depend on a truncating parameter I which, to some extent, indicates the size of the intertem poral correlation allowed. Four values for truncating parameters were allowed: 1, 4, 7 and 10.
Comparing the estimated values for the statistics in tables 2 and 3 and the critical values presented in appendix II, one can see that the terms of trade for the 33 commodities and agricultural com modities price indexes have a deterministic long run trend al #-0 and do not have a unit root (a 2 #-1). As shown in table 4, the estimated coefficients for the time trend, which were found to be significantly different from zero, are negative for both of these terms of trade.
8For a thorough explanation of the meaning of these a.?sumptions, sec Phillips (1987) and Phillips and Perron (1988) . 9The commodity price indexes were obtained from the Office Memorandum of 26 January, 1990, of the World Bank. lOThese data were also obtained from the World Bank Office Memorandum men tioned above. Note: DW and Q(18) are Durbin-Watson and Jung-Box Q statistics respectively. i-statistics for Jung-Box Q statistics is the p-value for this statistics. The i-statistics presented is for the null hypothesis that the coefficient is zero.
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These results support Prebisch and Singer's initial hypothesis for the post-war period. Grilli and Yang series: 1921-1986 . Grilli and Yang (1988) made some tests for structural changes in their terms of trade series and found evidence which did not reject the hypothesis that there was no structural change. Cudington and Urzua (1989), however, argued that there was a structural change in 1920 which justified the results found by Grilli and Yang (1988) .11 This structural change was also confirmed by Powell (1991) and may be seen visually in figure 1 , which brings the terms of trade of the series prepared by Grilli and Yang. On the light of this argument, we decided to apply the tests of the last section to this series, but starting from 1921 only, since there is agreement that tests for the whole series confirm the DTT hypothesis. As both 1921 and 1986 are years of trough in commodity prices (figure 1), no distortion is included by the use of this limit.
Estimation results for the
The results, which are presented in table 5, shows that the hy pothesis of a unit root is rejected for the period used. Therefore, the unit root test of Cuddington and Urzua (1989), which allowed for a structural change in 1920, did not reject the null hypothesis only because it has low power, not because there is an unit root in the terms of trade series.
As the tests presented in table 5 do not reject the hypothesis of no deterministic trend, a more powerful test, which imposes more re strictive assumptions on the distribution of the error terms, was used. This test is based on the following generalization of equation (1):
Where e t is defined as in equation (2) 
Grilli and Yang Terms of trade index, 1900-1986
As Vt is independently identically distributed and Pt does not have a unit root, ordinary least square estimation of a reduced form of equa- tion (4) will produce t-statistics with standard distributions. This reduced form may be represented as:
Equation (5) 
was determined by a model selection using the Akaike criterium. The relevant statis tics for this test, presented in table 6, shows that a model with only two lags of P, is the best fitted model. Table 7 shows the results of estimations for the selected and some additional models. 1 3 As may 1 2 Proof is in appendix 1. 13Data for years before 1921 were used in estimations to asSure that the sample started in 1921. The pre-sample data was transformed so that its mean became the same as the one of the sample data. This method was applied for all regres sions in this section which required pre-sample data. be seen, the hypothesis of non-DTT is rejected by the t-tests not only in the chosen model, but also in the alternatives presented. Results of estimations of equation (5) 4.1. The effect of changes in the upper limit of the series.
The series in the tests made by Diakosavvas and Scandizzo (1991) and Cuddington and Urzua (1989) have a different upper bound from those used in the tests above. Particularly, the eight ies were years of very low commodity prices, which are normaly ex plained through the protectionist policy in developed countries and the need to export by developing countries (Singer 1991) . Therefore, the excessively low commodity prices in the eighties could be respon sible for the results obtained. More technically, a possible structural change in the beginning of the eighties may be distorting the results. Additional tests for the Grilli and Yang series with alternative up per bounds were applied to see in what extent the results obtained depend on the data for the eighties.
As the terms of trade had a trough in 1921, the choice of this year as the early limit is unfavorable to the DTT hypothesis. The choice of 1986 as the upper limit, however, was favorable to the hy pothesis because in that year the large depression of terms of trade of the 1980's was already advanced. Therefore, this choice may have distorted the results. The years 1971 and 1978 were chosen as al- (5) ternative upper limits. As 1921 and 1986, these years also represent troughs in the terms of trade series plotted in figure 1 , however, the bottoms in these years are not as accentuated as in 1986.
The tests using equation (5) were applied to these series. Ta ble (8) has the main results for the selected models for each of these series. The null hypothesis of no negative deterministic trend may not be rejected at standard significance levels for any of these se ries. These results suggest the that low terms of trade of the 1980s may be crucial to confirm the DTT hypothesis in the tests previously presented.
A more careful analysis of figure 1 indicates that the terms of trade in the period 1921-19801 4 have long waves and that the waves with periodicity of around 9-11 years are of particular importance. The existence of these long cycles is confirmed by the spectrum of the series, which appears in figure 2. The AR(2) process chosen in the tests above may represent more the higher frequencies of the series and, consequently, the errors may be accounting for a large share of the long cycles. If this is the case, the power of the tests in table 8 could be raised by eliminating from the periodogram of the series the frequencies responsible for cycles with periodicity of around 9 to 11 years. As the long-run trend is connected with the zero frequency of the series, the elimination of a few frequencies does not change its long term trend. A closer look at the spectrum showed that the frequencies corresponding to cycles with periodicity 12, 10, 8.57, 6.67, 6, 5 and 4.29 also concentrate a high share of the series variance. As their elimination would .still leave a reasonable number of degrees of freedom for estimations, they were all masked to produce a new series with higher concentration of long-term behavior in its total variance.
14 frequencies of the series were masked (7 in each half). These bands are sufficient to smooth the series to improve the tests for the deterioration of the terms of trade, as showed in figure 3. After masking these bands, the series for the terms of trade with this cor rection was recovered. 1 5 The same tests, based on equation (5), for the periods 1921-1971 and 1921-1978 were made. The method of es timation used was the band spectrum regression suggested by Engle (1974 Engle ( , 1980 . A correction for autocorrelation and heteroskedastic ity of the errors, using the method developed by Newey and West (1987) , was applied. The results for the Akaike criterium appear in table 9. They show that models with three or nine lags of Pt for the period 1921-1978 and with two and nine lags for the period 1921-1971 are preferred. Estimation results for the selected models appear in tables 10 and 11. 1 6 They show that after the elimination of the frequencies of long waves. the null hypothesis of no deterministic trend is again rejected at standard significance levels for the models with 9 lags, confirming the initial hypothesis of Prebisch and Singer. The null hypothesis was not rejected in the models with three and two lags, but figure 3 and the Ljung-Box statistics clearly show that the nine lags models are more appropriate for the new series, which 1 5 The mean and trend which were extracted were added back. 16 As a degree of freedom correction is necessary, tables 10 and 11 present the p-values for the t-statistics. A truncation parameter allowing 3 lags was allowed in the variance-covariance matrix estimation. 
Spectrum of the Grilli and Yang series 1921-1980
has very long waves. Only in the nine lags models the Ljung-Box statistics did not provide evidence of autocorrelation of the errors.
Conclusions.
Recent developments in unit root econometrics, when applied to test the hypothesis that there is a long-run deterioration of the terms of trade for primary commodities, as postulated by Prebisch and Singer in the early 1950s, supported this hypothesis for the post World War period, 1948 War period, -1989 . This result was found for a 33 com modities price index and for an agricultural commodities price index. The tests used could correct for shortcomings in previous tests since they allowed for very general specifications of the error terms.
Although the models used allowed for the existence of a stochas tic trend, the data analysis, both for the post-war series and for the Grilli and Yang series after the early 20's structural change, sup ported the presence of a deterministic trend. Therefore, the long-run equilibrium aggregate price for commodities, when compared with manufacturing exports, is not affected by short-run deviations from Actual and transformed Grilli and Yang terms of trade series this equilibrium.
For periods starting in 1921, the tests which trade robustness for power are not sufficiently strong to reject the null hypothesis of no long term trend. However, when some methods are applied to increase the power of the tests, the null hypothesis is again rejected. It was seen that the DTT hypothesis is robust to changes in the period. 1900, 1921 and 1948 were used as the beginning, while 1971, 1978, 1986 and 1989 were used as upper limits. In all cases, the Prebisch-Singer hypothesis was confirmed by the data.
The long-run deterioration in the terms of trade, as represented by the series studied in this paper, however, does not necessarily imply that the view stressed by Prebisch and Singer that interna- As already said, the statistics used to test the unit root hypoth esis were obtained from . The basic model used is the one in equation (1) In these equations:
where Y is the variable to which tests are applied (terms of trade for commodities price indexes, in our case). The sample size is n = T + 1.
The sample starts at t = 1. The matrix X is the T x 3 matrix formed with the regressors of equation (1). X t is the transpose of X . S� is the sample variance of the residual of equation (1). O 2 and 83 can be defined as: In estimations, four different values for I were used, namely, 1, 4, 7 and 10. This estimator was proposed initially by Newey and West (1987) . Sources: For Z(<I», Dickey and Fuller (1981, p.1063) . For Z(t�), Dickey and Fuller (1981, p.1062 
